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205 —1 Download client-side module

215
£

Automatically enter the
search query into a
secondary search query
input area

210

Has user entered
a search query into a
primary search query
input area?

225
Z

Automatically enter the
search query into the
primary search query

input area

220 Has user entered a
search query into a
secondary search query

input area?
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Determine that a search query has
been entered by a user into the
primary search query input area
associated with a first web page

!

Automatically enter the search

415 — auery into a secondary search

guery input area associated with a
second web page

Y

Display results of the search by
420 —{ the first web page in a first content
area of a browser

:

Display resuits of the search by
425 — the second web page in a second
content area of a browser

410 —
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Determine that a search query has
been entered by a user into the
secondary search query input
area associated with a search tool
represented by a second web

page

Y

Automatically enter the search
query into a primary search query
515 — input area associated with a
search tool represented by a first

web page

Y

Display results of the search by
520 — the second web page in a second
content area of the browser

'

Display results of the search by
525 — the first web page in a first content
area of the browser

510 —
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Determine that a search query has
been entered by a user into the
primary search query input area
associated with a first web page

Y

Analyze the search query to
815 — determine an intent of the user
with respect to the search query

!

Determine the second web page
620 — to perform a search based on the
intent of the user

Y

Automatically enter the search
query into a secondary search
query input area associated with a
second web page

|

Display results of the search by
630 — the first web page in a first content
area of a browser

!

Display results of the search by
635 — the second web page in a second
content area of a browser

610 —

6256 —
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Determine that a search query has
been entered by a user into a
primary search query input area
associated with a first web page

Y

Analyze the search query in
815 — relation to the user’'s web
browsing history

Y

Determine the second web site to
820 — perform a search based on the
user's web browsing history

v

Automatically enter the search
query into a secondary search

' query input area associated with a
second web page

'

Display results of the search by
830 — the first web page in a first content
area of a browser

!

Display personalized results of the
search by the second web page in
a second content area of a
browser

810 —

825 —

835 —

Fig. 8



U.S. Patent Apr. 26,2016 Sheet 9 of 22 US 9,323,843 B2

Fig. 9

Training module 905
indexing module 910
Run-time module 915

]

Server
computer 110
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Offline training steps

1005 — to generate classifiers
1010 — Indexing steps

using the classifiers

!

Runtime steps to display
1015 —{ entities related to web page to
which user has navigated

Fig. 10



US 9,323,843 B2

Sheet 11 of 22

Apr. 26, 2016

U.S. Patent

\

L1 "Bi4

G006 aNpoLl mc_c_m.h,._.

SELl

lslisse}n
uonos|eg

A

0€ll SINPOW
Buluiean
uoosleg

IBIISSE|D
uoienBiquesiq

h

¢l 1 SINPOW
Buiusesan

A

uonenbiquiesiq

Gehl

~

GLLL Wnipay
{ EIPOIN
abelolg

F 3

OLTT einpo

uolnoex3

UOlBUWLIOIU|
SOy

S0L1
oIy
goM

Iy




U.S. Patent

Apr. 26,2016 Sheet 12 of 22

12056 —]

Retrieve web articles

Y

1210 —

Extract information
from a web article

Y

1215 —

Determine link data associated
with the extracted information

v

1220 —

l.earn, from the link data, to
disambiguate the extracted
information

Y

1225 —

Generate a disambiguation
classifier

!

1230 —

Learn fo select a portion of the
information as being relevant

v

1235 ——

Generate a selection classifier

!

1240 —

Use the classifiers to determine a
set of topics and a set of
categories of a web page
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1405 —

Retrieve a web page

Y

1410 —

Tokenize the web page to
determine phrases that
correspond to stored data

Y

1415 —

Execute a disambiguation
classifier on the phrases {o obfain
a context for the web page

Y

1425 —

Execute a selection classifier on
the context to obtain concepts and
categories for the web page

!

1430

Rank the categories of the web
page

Fig. 14
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1
METHOD AND SYSTEM FOR PERFORMING
BI-DIRECTIONAL SEARCH

FIELD

The present disclosure relates to web searching, and more
specifically to a method and system for performing bi-direc-
tional search.

BACKGROUND

The World Wide Web enables access to a large amount of
information. Typically, a user locates one or more web pages
of interest by performing a web search using particular web
page (e.g., www.yahoo.com provided by Yahoo! Inc. of
Sunnyvale, Calif., www.google.com provided by Google Inc.
of Mountain View, Calif.). The result of the web search is
typically displayed in the window to which the user entered
his or her search query.

SUMMARY

Sometimes, the search results of a user’s search may not
provide the information that the user was expecting or
wanted. The user then has to refine the search query to more
accurately define his or her search query. Performing multiple
searches before receiving the correct results takes time and is
often burdensome for the user. There still remains a need,
therefore, to enable a user to perform multiple searches when
entering a single search query in a search query input area.

In one aspect, when a user enters a search query into a
primary search query input area to perform a first search of the
search query, a client-side module executing on a computing
device automatically enters the search query into a secondary
search query input area to perform a second search of the
search query. When the user enters a search query into the
secondary search query input area to perform a first search of
the search query, the client-side module automatically enters
the search query into the primary search query input area to
perform a second search of the search query.

In one embodiment, the entering of the first (or second)
search query into the secondary (or primary) search query
input area further comprises entering the search query as a
query parameter associated with a web page into an address
bar of a browser executing on the computing device. In one
embodiment, the client-side module determines an intent of
the user when the user enters the search query into the primary
(or secondary) search query input area. In one embodiment,
the secondary (or primary) search query input area is deter-
mined based on the intent of the user. The results of the second
search and the first search are displayed. In one embodiment,
the results are personalized results associated with the user.

These and other aspects and embodiments will be apparent
to those of ordinary skill in the art by reference to the follow-
ing detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawing figures, which are not to scale, and where
like reference numerals indicate like elements throughout the
several views:

FIG. 1 is a block diagram of a client-side module of a
computing device communicating with a server computer
over a network in accordance with an embodiment of the
present disclosure;
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FIG. 2 is a flowchart illustrating steps performed by the
computing device of FIG. 1 in accordance with an embodi-
ment of the present disclosure;

FIG. 3 is a block diagram illustrating a first content area and
a second content area of a web browser executing on the
computing device of FIG. 1 in accordance with an embodi-
ment of the present disclosure;

FIG. 4 is a flowchart of steps performed by the computing
device of FIG. 1 when a user of the computing device enters
a search query into a primary search query input area in
accordance with an embodiment of the present disclosure;

FIG. 5 is a flowchart of steps performed by the computing
device of FIG. 1 when a user of the computing device enters
a search query into a secondary search query input area in
accordance with an embodiment of the present disclosure;

FIG. 6 is a flowchart of steps performed by the computing
device of FIG. 1 based on intent of the user of the computing
device when the user enters a search query into a primary
search query input area in accordance with an embodiment of
the present disclosure;

FIG. 7 is a screen shot of a first content area and a second
content area of a web browser executing on the computing
device of FIG. 1 in accordance with an embodiment of the
present disclosure;

FIG. 8 is a flowchart of steps performed by the computing
device of FIG. 1 based on the user’s web browsing history
when the user enters a search query into a search query input
area in accordance with an embodiment of the present disclo-
sure;

FIG. 9 is a block diagram of an embodiment of the server
computer of FIG. 1 having a training module, an indexing
module, and a run-time module in accordance with an
embodiment of the present disclosure;

FIG. 10 is a flowchart illustrating the steps performed by
the server computer modules of FIG. 9 in accordance with an
embodiment of the present disclosure;

FIG. 11 is a block diagram of the training module of FIG.
9 in accordance with an embodiment of the present disclo-
sure;

FIG. 12 is a flowchart of the steps performed by the training
module of FIG. 11 in accordance with an embodiment of the
present disclosure;

FIG. 13 is a block diagram of the indexing module of F1G.
9 in accordance with an embodiment of the present disclo-
sure;

FIG. 14 is a flowchart of the steps performed by the index-
ing module of FIG. 13 in accordance with an embodiment of
the present disclosure;

FIG. 15 is a screen shot of a disambiguation example in
accordance with an embodiment of the present disclosure;

FIG. 16A is a screen shot of a disambiguation example in
accordance with an embodiment of the present disclosure;

FIG. 16B is an example of an output window of the disam-
biguation example of FIG. 16A in accordance with an
embodiment of the present disclosure;

FIG. 17A is a screen shot of a selection example in accor-
dance with an embodiment of the present disclosure;

FIG. 17B is a flow diagram of topics ranked according to
the selection example of FIG. 17A in accordance with an
embodiment of the present disclosure;

FIG. 17C is an example of an output window of the selec-
tion example of FIG. 17A in accordance with an embodiment
of the present disclosure;

FIG. 18 is a screen shot of a web document to which the
user has navigated and a sidebar in accordance with an
embodiment of the present disclosure; and
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FIG. 19 is ablock diagram illustrating an internal architec-
ture of an example of a computing device, such as the server
and/or computing device of FIG. 1, in accordance with an
embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Embodiments are now discussed in more detail referring to
the drawings that accompany the present application. In the
accompanying drawings, like and/or corresponding elements
are referred to by like reference numbers.

Various embodiments are disclosed herein; however, it is to
be understood that the disclosed embodiments are merely
illustrative of the disclosure that can be embodied in various
forms. In addition, each of the examples given in connection
with the various embodiments is intended to be illustrative,
and not restrictive. Further, the figures are not necessarily to
scale, some features may be exaggerated to show details of
particular components (and any size, material and similar
details shown in the figures are intended to be illustrative and
not restrictive). Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled in
the art to variously employ the disclosed embodiments.

FIG.11s a block diagram of an embodiment of a computing
device 105 communicating with a server computer 110 over a
network 115 such as the Internet. FIG. 2 is a flowchart illus-
trating an embodiment of steps performed by the computing
device 105 of FIG. 1. A user of the computing device 105 uses
aweb browser 118 executing on the computing device 105 to,
for example, navigate to a web page (e.g., Yahoo!’s home
page—www.yahoo.com) associated with a service provider
(e.g., Yahoo! Inc. of Sunnyvale, Calif.). In one embodiment,
the user logs into (or creates) a user account with the service
provider. In one embodiment, the server computer 110
receives a request for the user to log into the account and, if
the login information is correct, logs the user into the user
account.

In one embodiment, the computing device 105 transmits a
request 120 to download a client-side module 125 from the
server computer 110. In one embodiment, the client-side
module 125 is a sidebar. In another embodiment, the client-
side module 125 is a toolbar. In one embodiment, the client-
side module 125 modifies content displayed with (e.g.,
below) a web page address bar. In one embodiment, the server
computer 110 transmits the client-side module 125 to the
computing device 105. The client-side module 125 is down-
loaded by the computing device 105 (step 205) and, once the
client-side module 125 is downloaded, in one embodiment a
graphical user interface (UI) associated with the client-side
module 125 is displayed when the browser 118 navigates to a
web page (associated with or not associated with the service
provider). In one embodiment, the graphical Ul is displayed
when the user selects to have the Ul displayed. In one embodi-
ment, the client-side module 125 is stored in storage 157.

For purposes of this disclosure (and as described in more
detail below with respect to FIG. 5), a computer or computing
device such as the computing device 105 and/or server 110
includes a processor and memory for storing and executing
program code, data and software which may also be tangibly
stored or read from any type or variety of well known com-
puter readable storage media such as magnetic or optical
discs or RAM-discs or tape, by way of non-limiting example.
Computers can be provided with operating systems that allow
the execution of software applications in order to manipulate
data. Personal computers, personal digital assistants (PDAs),
wireless devices, cellular telephones, internet appliances,
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media players, home theater systems, servers, and media
centers are several non-limiting examples of computing
devices. The computing device 105 and the server 110 can, in
one embodiment, also include a display, such as a screen or
monitor. Further, the server and/or computing device may
include one or more computers.

Also referring to FIG. 3, the web browser 118 can display
in a first content area 130 of the web browser 118 a web page
305 and in a second content area 135 of the web browser 118
a graphical user interface (UI) associated with the client-side
module 125. In one embodiment, the graphical Ul of the
client-side module 125 is sidebar 310. The size of the first
content area 130 can be larger than or smaller than the size of
the second content area 135. In one embodiment, the size of
either or both content areas is adjustable by the user.

In one embodiment, the web page 305 includes a primary
search query input area 315 and the sidebar 310 includes a
secondary search query input area 320. For example, the user
can navigate using the first content area 130 to a web page 305
that has a primary search query input area 315, such as www.
yahoo.com provided by Yahoo! Inc. of Sunnyvale, Calif. or
www.google.com provided by Google Inc. of Mountain
View, Calif. In another embodiment, the search query input
areas 315, 320 are part of the web browser 118. As used
herein, a search query input area is an area of a web page or
web browser into which a user can enter (e.g., type) a search
query to be searched (e.g., on the web, locally in storage 157
of the computing device 105, etc.).

In one embodiment, the client-side module 125 checks
whether the user has entered (e.g., typed) a search query into
the primary search query input area 315 to perform a first
search of the search query (step 210). If so, the client-side
module 125 automatically enters the search query into the
secondary search query input area 320 to perform a second
search of the primary search query (step 215). In another
embodiment, the search query is passed to a web page using
query parameters to perform the second search of the search
query. For example, the client-side module 125 can pass the
search query to www.google.com via the query-string param-
eter “q”. In one embodiment, the client-side module 125
navigates to the web page as if the user had entered the
address into the address bar. The process can then return to
step 210.

If not, the client-side module 125 checks whether the user
has entered (e.g., typed) a search query into the secondary
search query input area 320 (step 220). If so, the client-side
module 125 automatically enters the search query into the
primary search query input area 315 (step 225). In another
embodiment, the search query is passed to a web page using
query parameters to perform the primary search of the search
query. For example, the client-side module 125 can pass the
search query to www.google.com via the query-string param-
eter “q”. In one embodiment, the client-side module 125
navigates to the web page as if the user had entered the
address into the address bar. In one embodiment, the process
then returns to step 210. It should be noted that the steps 210
and 220 can occur in any order.

Thus, a bi-directional search is enabled via the client-side
module 125 because a user can perform two searches at any
given time by entering a search query into one of the primary
search query input area 315 or the secondary search query
input area 320. This bi-directional search aspect is shown in
FIG. 3 with arrows 325 and 330.

FIG. 4 is a flowchart illustrating an embodiment of steps
performed by the client-side module 125 when the user enters
a search query into the primary search query input area 315
associated with a search tool represented by a first web page.
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Inone embodiment, the user navigates to a first web page such
as www.google.com. The user then enters (e.g., types) a
search query into the primary search query input area 315
associated with the first web page 305. Alternatively, the user
enters (e.g., types) a search query into the primary search
query input area 315, where the primary search query input
area 315 is part of the browser 118.

The client-side module 125 determines that a search query
has been entered by the user into a primary search query input
area 315 associated with the first web page (step 410). In one
embodiment, the client-side module 125 scans the Document
Object Model (DOM) of the first web page to determine the
location of the primary search query inputarea 315 (or areas).
In another embodiment, the client-side module 125 scans the
text of the first web page (e.g., looks for text containing the
word “Search”) to determine the location of the primary
search query input area 315.

In another embodiment, the client-side module 125 deter-
mines the format of a search query for the first web page. For
example, the client-side module 125 determines that the path
associated with a search query for www.google.com is of the
form google.com/search, where/search contains a query-
string parameter of “q”.

In one embodiment, the client-side module 125 automati-
cally enters the same search query into a secondary search
query input area 320 associated with a search tool represented
by a second web page (e.g., www.yahoo.com, www.amazon.
com, www.dictionary.com, www.wikipedia.com, etc.) (step
415). In one embodiment, the entering of the same search
query into the secondary search query input area 320 associ-
ated with the second web page includes opening a second
instance of a browser in the second content area 135 and then
automatically entering the search query into the secondary
search query input area 320 of the second instance of the
browser. In another embodiment, the entering of the same
search query into the secondary search query input area 320
associated with the search tool represented by the second web
page includes opening a second instance of a browser in the
second content area 135, navigating to a second web page,
and then automatically entering the search query into a sec-
ondary search query input area 320 associated with the sec-
ond web page in the second instance of the browser. In one
embodiment, the user selects the second web page. In another
embodiment, the second web page is a default web page. In
another embodiment, the search query is passed to a web page
using query parameters to perform the second search of the
search query.

The web browser 118 then displays results of the search by
the first web page 305 in the first content area 130 of the
browser 118 (step 420) and displays results of the search by
the second web page in the second content area 135 of the
browser 118 (step 425). Thus, in one embodiment the bi-
directional search enables a user to conduct two searches
automatically. Although described above with respect to FIG.
4 as being associated with a web page, the search query input
areas 315, 320 may or may not be associated with a particular
web page. For example, one or more of the search query input
areas 315, 320 may be associated with storage 157 of the
computing device 105.

FIG. 5 is a flowchart illustrating an embodiment of steps
performed by the client-side module 125 when the user enters
a search query into the secondary search query input area 320.
The user enters a search query into the secondary search
query input area 320 associated with a second web page. The
client-side module 125 determines that a search query has
been entered by the user into a secondary search query input
area 320 associated with a search tool represented by a second
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web page (step 510). In one embodiment, the client-side
module 125 automatically enters the same search query into
the primary search query input area 315 associated with a
search tool represented by a first web page (e.g., www.yahoo.
com, www.amazon.com, www.dictionary.com, www.wiki-
pedia.com, etc.) (step 515). In one embodiment, the entering
of'the same search query into the primary search query input
area 315 associated with a web page includes passing the
secondary search query to a web page via a query parameter.
For example, the client-side module 125 can pass the second-
ary search query to www.google.com via the query-string
parameter “q”. In one embodiment, the client-side module
125 navigates to the web page as if the user had entered the
address into the address bar.

In one embodiment, the client-side module 125 displays
results of the search by the second web page in the second
content area 135 of the browser 118 (step 520). The browser
118 also displays the results of the search by the first web page
305 in the first content area 130 of the browser 118. Although
described above with respect to FIG. 5 as being associated
with a web page, the search query input areas 315, 320 may or
may not be associated with a particular web page. For
example, one or more of the search query input areas 315, 320
may be associated with storage 157 of the computing device
105.

FIG. 6 is a flowchart illustrating an embodiment of steps
performed by the computing device 105 of FIG. 1 to deter-
mine a second web page for performing a search associated
with a secondary search query input area 320. As described
above, the client-side module 125 determines that a search
query has been entered by a user into the primary search query
input area 315 associated with the first web page 305 (step
610).

In one embodiment, the client-side module 125 then ana-
lyzes the search query to determine an intent of the user with
respect to the search query (step 615). For example, suppose
the search query entered into the primary search query input
area 315 of the first web page 305 by the user is “buy digital
camera”. Further suppose that the first web page 305 is www.
google.com. The client-side module 125 analyzes this search
query to determine that, in this example, the user is likely
interested in shopping for a digital camera. In one embodi-
ment, the client-side module 125 compares each word of the
search query with each word in a table stored in storage 157.
The table includes a mapping of particular words to likely
intent for the search query, such as the word “buy” with the
intent of shopping. In one embodiment, the client-side mod-
ule 125 determines the second web page to perform a search
based on the intent of the user (step 620). The client-side
module 125 can automatically perform a search in a second-
ary search query input area 320 associated with a second web
page such as www.amazon.com for digital cameras (step
625).

The web browser 118 then displays the result of the search
by the first web page (www.google.com) in the first content
area 130 of the browser 118 (step 630) and the result of the
search by the second web page (www.amazon.com) in the
second content area 135 of the browser 118 (step 635). In one
embodiment, displaying the result of the search by the second
web page (Www.amazon.com) includes displaying prices
and/or different models of digital cameras that Amazon.com,
Inc. sells via www.amazon.com.

In one embodiment, the client-side module 125 determines
the second web page as www.amazon.com based on the intent
of the user (step 620). In this example, the search query of
“buy digital camera” indicates that the intent of the user is
shopping for a digital camera. If the determined intent is
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shopping, in one embodiment the client-side module 125 uses
www.amazon.com as the second web page. This intent of
shopping (from the word “buy”) is independent of the user. In
one embodiment, the client-side module 125 configures the
second content area 135 of the web browser 118 and/or the
displayed result of the search query in the second content area
135 based on the determined intent of the user.

In another example, the user enters into one of the search
query input areas 315, 320 “Nikon D5000”. The client-side
module 125 can, in one embodiment, determine that the query
is a product name and further that the search query lacks
intent modifiers. As a result, the client-side module 125 can
determine that the intent of the user is shopping and can
display, in the second content area 135, purchasing informa-
tion such as vendors, prices, etc. If the user enters a search
query of “Nikon D5000 reviews” into one of the search query
input areas 315, 320, the client-side module 125 can deter-
mine that there is an intent modifier of “reviews”. Based on
this intent modifier, the client-side module 125 can determine
that the user is likely interested in professional and consumer
reviews, information that is valuable for product evaluation.
In this embodiment, the client-side module 125 can display
these reviews in, for example, the second content area 135
when the user has entered this search query in the primary
search query input area 315.

In another example, the user enters into one of the search
query input areas 315, 320 “How Digital SLR cameras work”.
The client-side module 125 can, in one embodiment, deter-
mine that there are intent modifiers of “How” and “work™ in
this query. In one embodiment, the client-side module 125
determines that the content category is “General” and deter-
mines that the user is likely interested in canonical informa-
tion such as history and reference information.

Although described as a search query being entered into
the primary search query input area 315, the above descrip-
tion with respect to FIG. 6 also applies when the search query
is entered into the secondary search query input area 320.

FIG. 7 is a screen shot 700 of a web browser 705 having a
first content area 710 and a second content area 715. The user
enters “District 9 movie information” into a primary search
query input area 720 associated with www.google.com as a
search query. In one embodiment, the client-side module 125
enters this same search query (e.g., the same text) into a
secondary search query input area 725. The first content area
710 displays search results 730 related to the search query.
The second content area 715 displays, for example, one or
more reviews related to the search query. In one embodiment,
and as described in more detail below, the client-side module
125 displays in the second content area 715 one or more
topics 730 associated with the search query.

In one embodiment, the client-side module 125 determines
an intent of the user with respect to the search query by
determining a topic and/or category associated with the
search query. In one embodiment, the client-side module 125
transmits the search query to the server computer 110 and
requests one or more topics and/or one or more categories
associated with the search query. In one embodiment, the
server computer 110 determines from data stored in server
storage 155 or from an analysis of the search query a set of
topics and/or a set of categories associated with the search
query. A set of topics associated with a search query is defined
herein as one or more topics associated with the search query.
A topic may be part of or not part of the web page’s title, URL,
graphics, etc. and is typically determined by analyzing at least
a portion of the text of the web page. A set of categories
associated with a search query is defined herein as one or
more categories associated with the search query. A category
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compared to a topic is a higher level of abstraction. For
example, if a search query is related to a Nikon digital camera,
the topic of the search query can be digital cameras while the
category of the search query can be purchasable products.

The server computer 110 of FIG. 1 transmits a set of topics
and/or a set of categories 150 associated with the search query
to the computing device 105. In one embodiment, the set of
topics and/or categories 150 have been ordered or ranked in
accordance with their relevance to the search query itself. For
example, a set of topics associated with a search query about
Nikon digital cameras can be listed as:

1. Digital cameras

2. Cameras

3. Photography.

In one embodiment, a set of categories associated with the
search query about Nikon digital cameras can be listed as:

1. Purchasable products

2. Consumer goods.

In one embodiment, the server computer 110 transmits the
entire set of topics and the entire set of categories 150 to the
computing device 105. In another embodiment, the server
110 transmits a predetermined number of the determined
topics and categories (e.g., the first topic and the first category
in each set). The computing device 105 receives the topics and
categories 150. In one embodiment, the computing device
105 stores the topics and categories 150 in a storage 157 (e.g.,
a memory or database). In one embodiment, the computing
device 105 configures the second content area 135 of the web
browser 118 according to a received category. For example, if
a category associated with a search query is “Sports”, in one
embodiment the computing device 105 displays sports-re-
lated advertisements in the second content area 135. As
another example, the computing device 105 can display
sports-related graphics in the second content area 135.

In one embodiment, the second web page is determined
based on one or more of the topics and/or categories in the set
of topics/categories associated with the search query entered
into the search query input area.

FIG. 8 is a flowchart illustrating an embodiment of steps
performed by the computing device to provide personalized
search results to the user. As described above, the computing
device 105 downloads the client-side module 125 if this step
has not already occurred. The client-side module 125 then
determines that a search query has been entered by a user into
a primary search query input area associated with a first web
page (step 810). In one embodiment, the client-side module
125 analyzes the search query in relation to the user’s web
browsing history (step 815). In one embodiment, the web
browsing history of the user is stored in storage 157. Alter-
natively, the server 110 transmits the web browsing history of
the user to the computing device 105 when the user logs into
his or her user account. In one embodiment, the client-side
module 125 determines the second web page to perform a
search based on the user’s web browsing history (step 820).
The client-side module 125 automatically enters the search
query into the search query input area associated with the
second web page (step 825). The client-side module 125
displays the results of the search by the first web page in the
first content area 130 (step 830) of the browser 118 and
displays personalized search results of the search by the sec-
ond web page in the second content area 135 of the browser
118 (step 835).

For example, if the user has searched for Canon Power-
shot® digital cameras on www.amazon.com during the past
week, the client-side module 125 can display the personalized
search results by displaying search results to a search query
using www.amazon.com via the second content area 135 of
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the browser 118. Thus, in one embodiment searches are sub-
mitted on websites that the user has previously used that
match categorically with a current query term.

FIG. 9 is a block diagram of an embodiment of the server
computer 110 of FIG. 1. In one embodiment, the server com-
puter 110 includes a training module 905, an indexing module
910 and a run-time module 915. FIG. 10 is a flowchart illus-
trating the steps performed by the modules 905, 910, 915 of
FIG. 9. The training module 905 performs offline training
steps (step 1005) to generate two supervised machine learn-
ing models (referred to below as classifiers). As described in
more detail below, the offline training steps include retrieving
data and analyzing the retrieved data in order to be able to
generate one or more classifiers that can then be applied to a
web page in order to determine a set of topics and categories
for the web page. The indexing module 910 performs index-
ing steps using the classifiers generated in the training steps.
The indexing steps include retrieving a web page and analyz-
ing the web page to determine a set of topics and categories
for the web page. The indexing steps store the determined
topics and categories for each web page. The run-time module
915 provides the topics and categories determined in the
indexing steps when a user requests topics for a particular
web page to which the user has navigated. These modules
905, 910, 915 can be software, hardware, or a combination of
software and hardware. For example, in one embodiment, one
or more of the modules 905, 910, 915 are computing devices.
Further, the functionality of each module 905,910,915 can be
combined into a single software module or computing device.

FIG. 11 is a block diagram of an embodiment of the train-
ing module 905. FIG. 12 is a flowchart of an embodiment of
the steps performed by the training module 905. In one
embodiment, the training module 905 retrieves one or more
web articles 1105 (step 1205).

In one embodiment, the web articles 1105 are external
documents retrieved from one or more data files such as data
files from a knowledge collection website such as Wikipe-
dia® (www.wikipedia.org). Wikipedia® has a large number
of articles, and each article includes a link structure and
belongs to at least one category. Further, “redirect pages”
enable resolution of synonyms to an article. Each link in an
article points to a disambiguated article. Further, the category
hierarchy in Wikipedia® is broad and deep, and the link
structure of Wikipedia® articles is a valuable source of
labeled training data for disambiguation and selection, as
described below.

In one embodiment, the training module 905 includes an
article information extraction module 1110 to extract infor-
mation from each web article 1105 (step 1210). In one
embodiment, the article information extraction module 1110
is amodule that disassembles the data (e.g., web articles) into
a set of nodes in the Wikipedia® taxonomy. The article infor-
mation extraction module 1105 can also determine link data
associated with the extracted information (step 1215). The
link data obtained from each web article can include, for
example, its inlinks (links from other web articles), its out-
links (links to other web articles), any redirects (from syn-
onyms), category hierarchy, and/or disambiguation (as
defined below). The extraction module 1110 stores the link
data and extracted information (e.g., the article’s text, inlinks,
outlinks, any redirects, category hierarchy, and/or disambigu-
ation) in storage media/medium 1115 (e.g., a database). The
Wikipedia® link structure forms the labeled training
instances that are used to generate the disambiguation classi-
fier and the selection classifier.

In one embodiment, a disambiguation learning module
1120 operates on the information stored in the storage media/
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medium 1115. As used herein, disambiguation is the process
of determining a sense of a phrase (one or more contiguous
words) that can have multiple senses. In one embodiment, a
phrase has multiple senses if the phrase links to more than one
web article. Disambiguation is the process of determining
which sense is the appropriate one in a particular usage. For
example, the word “tree” can relate to the woody plant or it
can relate to a data structure. The way the word “tree” is used,
the words around tree, etc. determine which tree usage is the
correct one for a given phrase.

The disambiguation learning module 1120 learns, from the
extracted information and/or link data, to disambiguate the
extracted information (step 1220). In particular, in one
embodiment the disambiguation learning module 1120 learns
to predict the probability of a sense of an ambiguous phrase
using its context (unambiguous topics). A phrase is consid-
ered unambiguous if it has only one sense. To disambiguate a
phrase, feature vectors for the set of co-occurring unambigu-
ous phrases are created. The disambiguation learning module
1120 then generates a disambiguation classifier 1125 from its
learning (step 1225). In one embodiment, the disambiguation
classifier 1125 is a gradient boosted decision tree created
using a C4.5 algorithm. Features of disambiguation include,
for example: 1) prior probability or commonness of a sense
(e.g., the number of occurrences of a sense/total number of
senses); 2) relatedness; and/or 3) context quality (e.g., aver-
age relatedness of context articles).

Relatedness between two topics (also referred to as con-
cepts) is the fraction of common articles linking to both topics
(concepts) versus the number of those linking to either. In one
embodiment, for two Wikipedia® articles, relatedness is the
Normalized Google Distance (NGD) with the function being
the set ofinlinks to each article. Basically, the NGD quantifies
the strength of a relationship between two words. For
example, “speakers” and “sound” are more related than
“speakers” and “elephant.” In one embodiment, the disam-
biguation learning module 420 finds the Google PageCount
when two words are used together in a search. (“Speakers”
and “sound” would have a relatively high number of result
pages when compared to “speakers™ and “elephant.”). Thus, a
Google distance is a measure of semantic interrelatedness
derived from the number of hits returned by the Google
search engine for a given set of keywords. Keywords with the
same or similar meanings in a natural language sense tend to
be “close” in units of Google distance, while words with
dissimilar meanings tend to be farther apart.

The disambiguation learning module 1120 is in communi-
cation with a selection learning module 1130. The selection
learning module 1130 orders topics (concepts) on how best
they describe the theme of a document (e.g., web article
1105). Asused herein, a theme for a document is defined as an
ordered list of concepts. The list is ordered on importance of
the concept to the document in question. In one embodiment,
topics are one or more contiguous words that appear in a
document and which are the subject of an article (node)
within Wikipedia®. In particular, the selection learning mod-
ule 1130 learns to select a portion of the extracted information
as being relevant to the theme of the web article (step 1230).
Once the selection learning module 1130 has learned to select
topics, a selection classifier 1135 is generated (step 1235).
The selection classifier 1135 learns to predict the probability
that a topic will become an anchor. In one embodiment, the
selection classifier 1135 is a gradient boosted decision tree. In
one embodiment, given the context output of the disambigu-
ation classifier, the selection learning module 1130 orders
topics on how best they describe the theme of the document
(e.g., web page). Anchors in Wikipedia® articles are created
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by, for example, following a set of linking guidelines, such as
from Wikipedia®. Features of the selection classifier 1135
include “keyphraseness”, disambiguation probability, relat-
edness to context terms, depth in the Wikipedia® taxonomy,
count, distribution (e.g., number of paragraphs with occur-
rence/total number of paragraphs).

As described in more detail below, the selection classifier
1135 is used in the indexing phase with the disambiguation
classifier 1125 to determine a set of topics and categories of a
web page (step 1240). It should be noted that each module
1110, 1115, 1120, 1125, 1130, 1135 of FIG. 11 may be
software, hardware, or a combination of software and hard-
ware. Further, the functionality of one or more of the modules
may be combined with one or more additional modules.

FIG. 13 is a block diagram of an embodiment of the index-
ing module 910. FIG. 14 is a flowchart illustrating an embodi-
ment of the steps performed by the indexing module 910.
After the offline training phase has been performed, the server
110 performs an indexing phase. In one embodiment, the
server 110 sends out web searching software (often referred
to as spiders) to “crawl” the web. As a result, the server
retrieves one or more web pages 1305 (step 1405) and trans-
mits each web page 1305 to the indexing module 910.

The indexing module includes a tokenization module
1310. In one embodiment, the tokenization module 1310
tokenizes each crawled web page 1305 to determine phrases
(one or more contiguous words) in the web page 1305 that are
associated with stored data such as with Wikipedia® names
1315 (step 1410). In one embodiment, the tokenization mod-
ule 1310 transmits Wikipedia® names 1320 found in the web
page 1305 to the disambiguation classifier 1125. As described
above, the disambiguation classifier 1125 predicts the prob-
ability of a sense of an ambiguous phrase using the context
(unambiguous topics) and outputs a context 1330 for each
tokenized phrase of the crawled web page 1305 (step 1415).

FIG. 15 is a screen shot of an embodiment of a disambigu-
ation example. The disambiguation classifier 1125 analyzes
the word “Jaguar” as found in the title of article 1505 “Tata
buys Jaguar in £1.15 bn deal” and determines that “Jaguar”
can be a reference to the animal (shown in box 1510), the
automobile brand Jaguar (shown in box 1515), or a Jaguar
fighter jet (shown in box 1520).

FIG. 16A is a screen shot 1600 of a further embodiment in
the disambiguation example. The disambiguation classifier
1125 analyzes the article 1505 to determine that much of the
phrases in the article 1505 relates to Jaguar the automobile
brand 1515. The disambiguation classifier 1125 has deter-
mined the appropriate sense of the word “Jaguar” in the web
article 1505. One embodiment of the output of the disambigu-
ation classifier 1125 is shown in output window 1605 of FIG.
16B. Output window 1605 shows that the disambiguation
classifier 1125 has determined that the concept or topic of the
web article 1505 is “Jaguar Cars”. The output window 1605
also shows that the disambiguation classifier 1125 has deter-
mined that the concept or topic “Jaguar Cars” has many
associated categories, such as British brands, Car manufac-
turers, Tata Group, Coventry motor companies, and motor
vehicle manufacturers of the United Kingdom. Each category
has a corresponding weight representing how the category
relates to the web article 1505. In one embodiment, the weight
is a disambiguation confidence value, which can be 1 for
unambiguous phrases and a value <1 for those phrases with
multiple senses.

As described above, the selection classifier 1135 is applied
to the context of the phrase and orders or ranks topics on how
best they describe the theme of the web page 1305. FIG. 17A
is a screen shot 1700 of an embodiment of a selection
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example. The selection classifier 1135 receives the context of
phrases in the web article 1505 and ranks topics 1705 of F1G.
17B determined from the phrases based on how best the
topics describe the theme of the web page 1505. An output
window 1710 of FIG. 17C of the selection classifier 1135
illustrates examples of topics found and their respective
weights.

Referring again to FIGS. 13 and 14, in one embodiment,
the selection classifier 1135 transmits topics and categories
1335 associated with the web page 1305 into a topic ordering
module 1340. The topic ordering module 1340 includes an
Aboutness module 1345 and a “Search inducing”ness module
1350. The Aboutness module 1345 filters topics that are not
important to the largest cluster of coherent topics. In one
embodiment, the Aboutness module 1345 is a second level
filter of relevance. In one embodiment, the Aboutness module
1345 removes topics that have low association with other
topics in context 1330. In one embodiment, the Aboutness
module 1345 is modeled as the dominance of a topic to other
topics present on the web page. In one embodiment, domi-
nance of a topic is defined as the coverage of context topics by
its outlinks. As an equation, dominance of a topic is defined
as:

|Outlinks () Context|
|Outlinks

In one embodiment, the Aboutness module 1345 ranks
selected topics on Aboutness and discards those topics with a
value of zero. In one embodiment, the Aboutness module
1345 provides a score for each topic identified in the web page
1305. The score represents how dominant the topic is com-
pared with other topics found for the web page 1305. In a
further embodiment, the Aboutness module 1345 provides a
score (representing how dominant the topic is) and a weight
for the score (representing how much weight should be given
for the particular score value). In one embodiment, the About-
ness module 1345 generates a classifier to learn to choose a
single dominant topic in large articles.

In one embodiment, the topic ordering module 1340 also
includes a “search-inducing”ness module 1350. “Search-in-
ducing”ness describes the probability that a term would be
web-searched explicitly. In one embodiment, this module
1350 re-ranks the topics 1335 transmitted from the selection
classifier 1135. “Search-inducingness can be calculated for
each topic, treating its surface forms as search queries and is
a function of one or more of the following: 1) number of
queries landing on the current page 1305; 2) total number of
queries; and 3) change in buzz score, where buzz in general
means whether the topic under consideration is receiving a lot
of attention (e.g., how newsworthy the topic currently is) on
the Internet.

Thetopics and categories output 1352 from the topic order-
ing module 1340 is then applied to a category ranking module
1355. In one embodiment, the category ranking module 1355
ranks the categories 1352 further. In one embodiment, each
topic belongs to many different categories. In one embodi-
ment, the category ranking module 1355 ranks categories for
each topic germane to the current context. In one embodi-
ment, categories 1352 are ranked as a function of their agree-
ment with those of other selected topics and depth in the
Wikipedia category hierarchy. For example, the category
ranking module 1355 would rank the category “American
film actors” higher than “Governors of California” in a web
page discussing actors for Arnold Schwarzenegger. In one
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embodiment, the category ranking module 1355 outputs a
topic and category document 1360 (e.g., in XML) related to
each web page 1305. It should be noted that each module
1310, 1315, 1125, 1135, 1340, 1345, 1350, and 1355 of FIG.
13 may be software, hardware, or a combination of software
and hardware. Further, the functionality of one or more of the
modules may be combined with one or more additional mod-
ules.

After the previously described phases are completed, the
runtime phase is performed. A user uses the web browser
displayed by the computing device 105 (as shown in FIG. 1)
to navigate to a particular web page. FIG. 18 shows a screen
shot of an embodiment of a web page 1805 to which the user
has navigated and a sidebar 1810. The web page 1805 is
displayed in a first content area 1815 of browser 1820. The
sidebar 1810 is displayed in a second content area 1825 of the
browser 1820. In one embodiment, URL 1830 of the web
page 1805 is transmitted to the server computer 110 (as
shown in FIG. 1). In one embodiment, the server computer
110 uses the URL 1830 to query its storage 155 (as shown in
FIG. 1) to retrieve entities corresponding to topics associated
with the web page 1805. In one embodiment, a hash is used to
verify freshness of topics in the entities. The entities are
displayed by the computing device in the second content area
1825 of the browser 1820. For example, entities 1840, 1845,
and 1850 are displayed for the web page 1805. The entities
can include, for example, text, an icon, a graphic, a link, a
video, etc. associated with a topic in the set of topics.

In one embodiment, the server 110 queries its storage 155
and determines that no entities exist for the particular URL
1830. When this occurs, in one embodiment the server 110
downloads the web page 1805 and executes the indexing
phase described above on the web page 1805. When the
processing associated with the indexing phase is completed
for the URL 1830, the server 110 transmits one or more
entities associated with the web page 1805 to the computing
device 105 for display.

FIG. 19 is ablock diagram illustrating an internal architec-
ture of an example of a computing device, such as server 110
and/or computing device 105, in accordance with one or more
embodiments of the present disclosure. As shown in FIG. 19,
internal architecture 1900 includes one or more processing
units (also referred to herein as CPUs) 1912, which interface
with at least one computer bus 1902. Also interfacing with
computer bus 1902 are persistent storage medium/media
1906, network interface 1914, memory 1904, e.g., random
access memory (RAM), run-time transient memory, read
only memory (ROM), etc., media disk drive interface 1908 as
an interface for a drive that can read and/or write to media
including removable media such as floppy, CD-ROM, DVD,
etc. media, display interface 1910 as interface for a monitor or
other display device, keyboard interface 1916 as interface for
akeyboard, pointing device interface 1918 as an interface for
a mouse or other pointing device, and miscellaneous other
interfaces not shown individually, such as parallel and serial
port interfaces, a universal serial bus (USB) interface, and the
like.

Memory 1904 interfaces with computer bus 1902 so as to
provide information stored in memory 1904 to CPU 1912
during execution of software programs such as an operating
system, application programs, device drivers, and software
modules that comprise program code, and/or computer-ex-
ecutable process steps, incorporating functionality described
herein, e.g., one or more of process flows described herein.
CPU 1912 first loads computer-executable process steps from
storage, e.g., memory 1904, storage medium/media 1906,
removable media drive, and/or other storage device. CPU
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1912 can then execute the stored process steps in order to
execute the loaded computer-executable process steps.
Stored data, e.g., data stored by a storage device, can be
accessed by CPU 1912 during the execution of computer-
executable process steps.

Persistent storage medium/media 1906 is a computer read-
able storage medium(s) that can be used to store software and
data, e.g., an operating system and one or more application
programs. Persistent storage medium/media 1906 can also be
used to store device drivers, such as one or more of a digital
camera driver, monitor driver, printer driver, scanner driver,
or other device drivers, web pages, content files, playlists and
other files. Persistent storage medium/media 1806 can further
include program modules and data files used to implement
one or more embodiments of the present disclosure. Persis-
tent storage medium/media 1906 can be either remote storage
orlocal storage in communication with the computing device.

For the purposes of this disclosure a computer readable
storage medium stores computer data, which data can include
computer program code executable by a computer, in
machine readable form. Computer storage media includes
volatile and non-volatile, removable and non-removable
media implemented in any method or technology for storage
of information such as computer-readable instructions, data
structures, program modules or other data. Computer storage
media includes, but is not limited to, RAM, ROM, EPROM,
EEPROM, flash memory or other solid state memory tech-
nology, CD-ROM, DVD, or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by
the computer.

Those skilled in the art will recognize that the methods and
systems of the present disclosure may be implemented in
many manners and as such are not to be limited by the fore-
going exemplary embodiments and examples. In other words,
functional elements being performed by single or multiple
components, in various combinations of hardware and soft-
ware or firmware, and individual functions, may be distrib-
uted among software applications at either the client or server
or both. In this regard, any number of the features of the
different embodiments described herein may be combined
into single or multiple embodiments, and alternate embodi-
ments having fewer than, or more than, all of the features
described herein are possible. Functionality may also be, in
whole or in part, distributed among multiple components, in
manners now known or to become known. Thus, myriad
software/hardware/firmware combinations are possible in
achieving the functions, features, interfaces and preferences
described herein. Moreover, the scope of the present disclo-
sure covers conventionally known manners for carrying out
the described features and functions and interfaces, as well as
those variations and modifications that may be made to the
hardware or software or firmware components described
herein as would be understood by those skilled in the art now
and hereafter.

While the system and method have been described in terms
of one or more embodiments, it is to be understood that the
disclosure need not be limited to the disclosed embodiments.
It is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
claims, the scope of which should be accorded the broadest
interpretation so as to encompass all such modifications and
similar structures. The present disclosure includes any and all
embodiments of the following claims.
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What is claimed is:

1. A method comprising:

scanning, by a client-side module executing on a comput-

ing device, a Document Object Model (DOM) of a first
web page displayed by a browser on a display of the
computing device to determine a location of a primary
search query user input area associated with the first web
page;

determining, by the client-side module, that a search query

has been entered by a user into the primary search query
user input area;

in response to the determining, automatically entering, by

the client-side module, the search query entered by the
user into the primary search query user input area into a
secondary search query user input area associated with a
predetermined second web page, the second web page
determined by the client-side module based on web
browsing history of the user;

displaying in a first content area of the browser the result of

a search performed by a search tool represented by the
first web page on the search query; and

displaying in a second content area of the browser the result

of'asearch performed by a search tool represented by the
second web page on the search query.

2. The method of claim 1 wherein the entering of the search
query into the secondary search query user input area further
comprises entering the search query as a query parameter
associated with a web page into an address bar of a browser
executing on the computing device.

3. The method of claim 1 further comprising determining,
by the client-side module, an intent of the user when the user
enters the search query into the primary search query user
input area.

4. The method of claim 3 further comprising determining,
by the client-side module, the second web page based on the
intent.

5. The method of claim 1 wherein the displaying of the
result of the search performed by the search tool represented
by the first web page further comprises displaying personal-
ized results of the search.

6. The method of claim 1 wherein the displaying of the
result of the search performed by the search tool represented
by the second web page further comprises displaying person-
alized results of the search.

7. A non-transitory computer readable storage medium
storing computer program instructions capable of being
executed by a computer processor on a computing device, the
computer program instructions defining the steps of:

scanning, by a client-side module executing on a comput-

ing device, a Document Object Model (DOM) of a first
web page displayed by a browser on a display of the
computing device to determine a location of a primary
search query user input area associated with the first web
page;

determining, by the client-side module, that a search query

has been entered by a user into the primary search query
user input area;

in response to the determining, automatically entering, by

the client-side module, the search query entered by the
user into the primary search query user input area into a
secondary search query user input area associated with a
predetermined second web page, the second web page
determined by the client-side module based on web
browsing history of the user;

displaying in a first content area of the browser the result of

a search performed by a search tool represented by the
first web page on the search query; and
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displaying in a second content area of the browser the result
of asearch performed by a search tool represented by the
second web page on the search query.
8. The non-transitory computer readable storage medium
of claim 7 wherein the step of entering the search query into
the secondary search query user input area further comprises
the step of entering the search query as a query parameter
associated with a web page into an address bar of the browser
executing on the computing device.
9. The non-transitory computer readable storage medium
of claim 7 further comprising computer program instructions
defining the step of determining an intent of the user when the
user enters the search query into the primary search query
user input area.
10. The non-transitory computer readable storage medium
of claim 9 further comprising computer program instructions
defining the step of determining the second web page based
on the intent.
11. The non-transitory computer readable storage medium
of claim 7 wherein the step of displaying results of the search
performed by the search tool represented by the first web page
further comprises the step of displaying personalized results
of the search.
12. The non-transitory computer readable storage medium
of claim 7 wherein the step of displaying results of the search
performed by the search tool represented by the second web
page further comprises the step of displaying personalized
results of the search.
13. A computing device comprising:
a processor;
a display;
a storage medium for tangibly storing thereon program
logic for execution by the processor, the program logic
comprising a client-side module configured to:
scan a Document Object Model (DOM) of a first web
page displayed by a browser on the display of the
computing device to determine a location of a primary
search query user input area associated with the first
web page;

determine that a search query has been entered by a user
into the primary search query user input area,

in response to the determining, automatically enter the
search query entered by the user into the primary
search query user input area into a secondary search
query user input area associated with a predetermined
second web page, the second web page determined by
the client-side module based on web browsing history
of the user,

display in a first content area of the browser the result of
a search performed by a search tool represented by the
first web page on the search query, and

display in a second content area of the browser the result
of'a search performed by a search tool represented by
the second web page on the search query.

14. The computing device of claim 13 wherein the client-
side module being configured to enter the search query into
the secondary search query user input area further comprises
the client-side module being configured to enter the search
query as a query parameter associated with a web page into an
address bar of a browser executing on the computing device.

15. The computing device of claim 13 further comprising
the client-side module being configured to determine an
intent of the user when the user enters the search query into
the primary search query user input area.

16. The computing device of claim 15 further comprising
the client-side module being configured to determine the
second web page based on the intent.



US 9,323,843 B2

17

17. The computing device of claim 13 wherein the client-
side module being configured to display the result of the
search performed by the search tool represented by the first
web page further comprises the client-side module being
configured to display personalized results of the search.

18. The computing device of claim 13 wherein the client-
side module being configured to display the result of the
search performed by the search tool represented by the sec-
ond web page further comprises the client-side module being
configured to display personalized results of the search.

19. A server computer comprising:

a processor;

a storage medium for tangibly storing thereon program
logic for execution by the processor, the program logic
configured to:
receive a request from a client device to download a

client-side module;
transmit the client-side module to the client device, the
client-side module configured to:
scan a Document Object Model (DOM) of a first web
page displayed by a browser on a display of the
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client device to determine a location of a primary
search query user input area associated with the
first web page,

determine that a search query has been entered by a
user into the primary search query user input area,

in response to the determining, automatically enter
the search query entered by the user into the pri-
mary search query user input area into a secondary
search query user input area associated with a pre-
determined second web page, the second web page
determined by the client-side module based on web
browsing history of the user,

display in a first content area of the browser the result
of a search performed by a search tool represented
by the first web page on the search query, and

display in a second content area of the browser the
result of a search performed by a search tool rep-
resented by the second web page on the search

query.



